1. The investigation of the properties of the flicker-response contour for visual excitation' has involved the measurement of the inter-dependence of flash-frequency F and intensity I in a flash at the critical point for reaction signifying "recognition" of fficker. It has been shown that with very different animals there obtain relations of invariant fundamental form2 between F and I, the area of receptor surface involved,3 the proportion of light-time to dark-time in the flash cycle,4 and the temperature5 of the organism. The dynamical properties of these relationships are therefore non-specific,6 as indeed they are for other modes and types of intensive discrimination as well.15 They are not determined by morphological characteristics of the animal as a whole,1 nor of its peripheral receptor organs (save in minor respects not pertinent to this discussion7).
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The one feature common to the responses concerned is their dependence upon the activity of a population of neural effects. It accords with this that a probability integral8 accurately describes the connection between F and log I. The numerical values of the parameters of the integral are determined by the (genetic) constitution of the organism9, but its nature as a summation of a particular kind of probability distribution is nonspecific.
2. It is impossible to reconcile these facts, and the related phenomena of intensity discrimination in general, with the hypothesis'0 that the properties of the flicker-response curve are determined by the photochemical excitability of the retina." The parameters of the probability summation, or the parameters of any arbitrary descriptive curve which might be used, do not have the behavior required by that conception.
It is important, however, to determine what quantitative properties these parameters do exhibit. The theoretical background of the application of a probability integral to a case of this kind involves the assumption'2 that the summated neural effects appealed to are the products of elements which in time fluctuate in their capacity to contribute to the production of the result used as an end-point (i.e., response). On this basis the measured relationships between Fm and a,'3, Im and a.14, AIm and aM15, etc., as functions of temperature, area, and tL/tD, have been extensively explored, with demonstration of their rational coherence. This is also the case with the curiously different effects of altering temperature, area and tL/tD, so far as the qualitative properties of the parameters of the probability integral are concerned and as regards their quantitative features '6 when tL/tD is used as an independent variable. It was at first supposed17 that response to flicker should be so complexly determined that the data on the Flog I curve at various temperatures could not reasonably be expected to submit to simple formulation. In particular, it was suspected that the application of the activation-energy equation (Arrhenius) would not be found to yield a constant value of the "temperature characteristic.""8 (This would not of itself preclude rational analysis, as .I have recently shown' for another case.)
In discussing the relation between flash frequency (F) and critical intensity (I) for reaction to visual flicker,'7 under the conditions imposed by work with lower animals, we stressed the fact that for an insect (larva of Anax) and a vertebrate (the sunfish Enneacanthus) there did not appear to obtain a simple quantitative relationship between temperature and critical intensity at fixed flash-frequency. The observations were made at only three temperatures, however, and later work has led to an amplification and correction of the earlier conclusion. The effect of changing the temperature is simple enough, since it leads merely to a shift of the position of the Flog I curve on the log I axis, without changing its form or altering the maximum to which the curve rises.17 So many instances occur in which the magnitudes of events in biological systems are differently related to temperature on either side of a critical temperature20 that we should have been on our guard against its happening with flicker excitations also. Where it does occur, observations at a number of temperatures are of course required to detect it.
The Flog Im contour for the turtle Pseudemys is a single sigmoid curve,2' and not, as with other vertebrates thus far tested,' a complex of two (or three)22 parts This is in keeping with the fact that its retina apparently contains no rods, but only sensory cells of a single type, cones. It should thus provide a somewhat simpler condition for analysis of the properties of the flicker-response curve as a function of temperature.
3. As with Anax and Enneacanthus, we find that the shape of the Flog I curve for Pseudemys is not affected by change of temperature. With increase of temperature the whole curve is merely moved to lower intensities. The bearing of this shift upon certain theories of the meaning of the fficker curve we have commented upon previously.'7 The curve is well described by a probability integral in log 1.21 Its maximum is independent of temperature, and so is its olog I, but the abscissa of its inflection point (r') decreases with rise of temperature ( Fig. 1 ).
4. From data on the measurement of Im at any fixed flash-frequency we can then estimate the dependence of a single parameter, r', upon the temperature. Experiments were made at F = 20, and F = 30, the inflection point falling between them We take 1/Im as a measure of excitability, with F constant. Reasons outside the immediate considerations of flicker phenomena also lead to this procedure.22 The excitability, in terms of marginal response to flicker, is increased with rise of temperature. Figure 2 shows that the rate of increase obeys the Arrhenius equation, with a critical temperature at 30°or a little below. The values of the temperature characteristic ,4 are 27,000 (up to) 300 and 12,000+ (beyond 300). Mean critical flash illumination tL/tD = 1 for response of the turtle Pseudemys to visual flicker, as a function of flash-frequency F, at two temperatures. Each point is the mean' of three observations on each of the same ten individuals at every point. (Double determinations bear tags.) The curve is the same probability integral drawn through each series, with shift of the inflection point to the left with rise of temperature. "driving force" responsible for the reaction. We have pointed out' that the relation of Im to its variations (P.E., or a,) is precisely that encountered in studies of the behavior of ,R where R is the rate or frequency of a biological phenomenon as a function of temperature.23 An essential fact is that the relative variation of I is constant (independent of temperature), so that a/I (or a(Gl)/1/1) is constant. The rate or frequency (as, of the heart beat) has been taken to be proportional to the velocity of a controlling chemical change. The reasons for this are (1) that it obeys the work function and (2) with a value of the "activation energy" (,u) which falls within the range characteristic for chemical processes proceeding at ordinary temperatures. On this basis h1Im for reaction of Pseudemys to flicker (at fixed F) is determined by the velocity of a system of chemical transformations of which the slow member is one having Iu = 27,000 =j below 300 and ,A = 12,000+ above 30°.
The obvious way in which to account for such facts is through the supposition that excitability with respect to the recognition of flicker (mea- The excitability for response to flicker, measured by the reciprocal of the critical flash intensity, at fixed flash frequency, increases with temperature according to the Arrhenius equation, with a critical temperature at 300 -. Observations at F = 20 and at F = 30 are brought together for comparison by multiplying those at F = 30 by a constant (10.21) . response, and that the speed of this terminal reaction is controlled by a chain of reactions including at least two steps. One of these steps is characterized by ,u = 27,000, the other by ,u = 12,400.
The existence of such steps has been referred to24 in terms of a catenary series. The unwarranted and irrelevant assumption has been made by some26 that the links in such a chain should be, or were supposed to be, related in a mass-action sequence. The evidence has on the contrary26 long required that the interconnection of the steps be in terms of catalyzed reactions, one of which "releases" the next with a frequency depending on the speed of the first reaction. In such a chain (a) the frequency of occurrence of the end result depends on the slowest individual step in the chain and (b) the occurrence of specific, sharp critical temperatures may be rationally accounted for by the nature of the system in which these processes occur.26 The association of sets of values of ,u in connection with a particular phenomenon24 is then reasonable if one assumes a specific organization of different catenary sets of processes in diverse situations. A mechanism for the integration of such sets of reactions in terms of the properties of catalytic surfaces remains to be more fully developed; this mechanism must of course account for the fact that critical temperatures in general are distributed in such a way as to occur predominantly at definite places on the temperature scale. 24 The 300 point encountered in the present experiments is one of these. The dynamics of the situation here conceived can be explored in several ways. Experiments to be described subsequently permit a decision as to whether the shift of ,u at a critical temperature is due (a) to a modification of relations within a system of contact-catalysis processes, or (b) to the "injury" of a certain number of the "elements" defined by the foregoing analysis.27 1 Jour. Gen. Physiol., 19, 20, 21, (1935-38) . 2 Crozier, W. J., Proc. Nat. Acad. Sci., 23, 71 (1937) .
Crozier, W. J., Wolf, E., and Zerrahn-Wolf, G., Jour. Gen. Physiol., 21, 223, 17 (1937-38) ; Proc. Nat. Acad. Sci., 23, 516 (1937) . 3 Crozier, W. J., Wolf, E., and Zerrahn-Wolf, G., Jour. Gen. Physiol., 21, 223 25 Burton, A. C., Jour. Cell. Comp. Physiol., 9, 1 (1936) ; see Hoagland, H., Ibid., 10, 29 (1937 I. In previous communications we have dealt with considerations arising from measurements of the flicker-response contours for fishes of different types, which can in certain cases' be subjected to genetic tests. The curves describing the relationship between flash-frequency F and flash-intensity I for various teleosts2 are of specific form: their rod-excitation and cone-excitation parts are described with excellent fidelity by probability integrals (F vs. log I), and the parameters of this formulation exhibit significant differences according to the kind of teleost concerned. These parameters (Fm,.; log I at inflection; and alog I) show properties in relation to various experimental variables which justify the use of the conception that a probability formulation is applicable to the data of response to visual flicker.3 II. Evidence has been provided2 showing that the quantitative values of these parameters are dependent upon the genetic constitution of the organism.2 A test of this position, and at the same time a check upon the possible r6le of certain physiological factors which should be irrelevant if our view is correct, is provided by the determination of the F -log I curve for individuals in which an albino mutation has occurred. The test is of additional interest with respect to the significance of retinal pigmentation and of the significance of the iris of the eye.
With reference to the latter point, it could be supposed that certain quantitative properties of the Flog I curve (e.g., r', the abscissa of inflection) could be a function of the iris aperture, and of the translucency of the iris and ocular media. We have found no reason whatever for supposing that this is a real consideration, since the shape of the F -log I curve in neither fishes,2 amphibian,4 turtle5 nor man6 gives any indication that it need be taken into account. It could also be supposed that in the absence of retinal melanin the relative flicker-response performance of rods and of cones could be modified in other ways. The fact that visual per-
